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Sunday, February 16, 2014 151acrucial for normal brain function and are involved in a range of neurological
and psychiatric diseases for which iGlu receptors are considered potential ther-
apeutic drug targets. Polyamine toxins are a group of small molecules isolated
from spiders and wasps and have been found to act as potent inhibitors of
mammalian iGlu receptors. Subfamily and subtype selective polyamine toxins
provide a valuable pharmacological tool to study the contribution of individual
iGlu receptors in both physiological and neuropathological conditions. Our aim
is to control iGlu receptor gating in a light-dependent fashion. In order to
achieve this, we apply an optochemical genetics approach. This enables us to
control innately ‘‘blind’’ neurons with light, through incorporation of photosen-
sitivity to their endogenous receptors. Addition of such secondary orthogonal
control input enables novel studies of receptor function, as it provides receptor
control with high temporal and spatial precision, while preserving the native
signal response of the receptor. Based on a selective polyamine toxin natural
product scaffold, we have developed a photoswitchable ligand capable of selec-
tively controlling the activity of the iGlu receptor subtypes of Ca2þ-permeable
AMPA receptors using light as the input signal.
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A glutamate receptor found in the freshwater bdelloid rotifer Adineta vaga was
proposed to be an evolutionary link between prokaryotic and eukaryotic iGluR
receptor classes (Janovjak et al., 2011). Like GluR0 and some related bacterial
iGluRs, the pore loop of AvGluR1 has a Kþ channel selectivity filter sequence,
TXVGYG. However, electrophysiological experiments revealed permeability
to both Naþ and Kþ but with no permeability to calcium (Janovjak et al.,
2011). Surprisingly, during the course of experiments in Xenopus oocytes de-
signed to evaluate the ligand binding and gating properties of AvGluR1
(Lomash et al., 2013), we found that following attenuation of desensitization
by the lectin concanavalin A, or by AvGluR1 Cys mutants that cross link ligand
binding domain dimer assemblies, inward current responses to glutamate had a
large biphasic transient component that varied from cell to cell. Several lines of
evidence suggest that this is due to calcium influx through AvGluR1, and sub-
sequent activation of a Ca dependent chloride current. (i) When the membrane
potential was depolarized, the biphasic response to glutamate reverted to a non
desensitizing ‘square’ outward current response. (ii) Substitution of barium for
extracellular calcium blocked the transient component of the AvGluR1 inward
current response recorded at negative membrane potentials. (iii) Current
voltage plots revealed a large depolarizing shift in the reversal potential for Av-
GluR1 responses to glutamate, when extracellular calcium was replaced by
magnesium. Thus, despite the presence of the TXVGYG signature sequence,
AvGluR1 is a non selective cation channel with permeability to both monova-
lent and divalent cations.
Janovjak H, Sandoz G, Isacoff EY (2011) Nature Comm 2: 232.
Lomash S, Chittori S, Brown P, Mayer ML (2013) Structure 21: 414-425
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Ionotropic glutamate receptors (iGluRs) mediate the majority of excitatory
neurotransmission in the vertebrate central nervous system. These ligand-
gated ion channels can be broadly classified into three subtypes: AMPA, kai-
nate and NMDA, which assemble as subtype-selective tetrameric receptors.
Kainate-subtype iGluRs (KAR) are composed of five different subunits
(GluK1-GluK5), of which the ‘‘low-affinity’’ GluK1-3 subunits can form
functional homomeric receptors, while the ‘‘high-affinity’’ GluK4 and
GluK5 form functional channels only when coexpressed with GluK1-3 sub-
units. Heteromer formation is known to be primarily mediated by the extracel-
lular amino-terminal domains (ATD), which as isolated domains
preferentially assemble into heterodimers. We have earlier shown that the as-
sembly of GluK2/GluK5 heteromeric receptors is facilitated by the higher af-
finity of ATD heterodimer formation than the respective homdimers. In the
present work we are extending these studies to include GluK1, GluK3 and
GluK4 to completely elucidate the relative affinities of homo- and hetero-
meric assemblies of KAR subtypes by analytical ultracentrifugation (AUC)
studies. Our initial AUC experiments revealed significant differences in disso-ciation constants for GluK1 and GluK5 homo- and heterocomplexes, which
are consistent with the preferential formation of GluK5 heterodimers with
GluK1. To get further insights into the plausible molecular determinants
responsible for differences in oligomerzation affinities, we intend to deter-
mine three-dimensional crystal structures of homo- and heterodimer com-
plexes of various KAR ATD subunits, of which crystals for GluK1 have
been obtained recently. These studies are anticipated to provide molecular in-
sights into the assembly mechanism of kainate receptors with the future goal
of understanding the functional importance of heteromer formation in gluta-
mate receptor ion channels.
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Sedimentation velocity analytical ultracentrifugation (SV) is a powerful first-
principle technique for the study of protein interactions and the rigorous char-
acterization of binding stoichiometry and affinities in free solution. With a
recently introduced commercial fluorescence optical detection system (FDS)
it has gained the potential for applications to be extended to high-affinity inter-
actions. However, for most proteins the attachment of an extrinsic fluorophore
is an essential prerequisite for the study by FDS-SV. Fluorescent labeling
induced artifacts present one key difficulty in the study of the homo-
oligomerization of proteins by FDS-SV. Using the high-affinity homo-dimer-
ization of the glutamate receptor GluA2 amino terminal domain as a model
system, we demonstrate how the choice of fluorescent label can impact both
the observed binding constants as well as the derived estimates of the hydrody-
namic parameters of protein species. Specifically, FAM (5,6-carboxyfluores-
cein) was found to create different populations of artificially high-affinity
and low-affinity dimers, as indicated by both FDS-SV and the kinetics of
Fo¨rster Resonance Energy Transfer observed in bench-top spectro-fluorometry.
By contrast, Dylight488 labeled protein as well as protein expressed as an
EGFP fusion, yielded results consistent with estimates from unlabeled protein.
Our study suggests considerations for the choice of labeling strategies, and
highlights experimental designs that exploit specific opportunities of FDS-SV
for improving the reliability of the binding isotherm analysis of interacting
systems.
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AMPA receptors (AMPARs) are glutamate-gated cation channels that mediate
the majority of fast excitatory neurotransmission in the central nervous system.
AMPARs are formed by homo- or heterotetramers of GluA1 to GluA4 sub-
units. A recent X-ray crystal structure of a full-length homomeric GluA2 AM-
PAR has allowed unique insight into AMPARmolecular structure and provides
an improved framework for beginning to understand the structural mechanism
underlying receptor function, regulation and pharmacological modulation.
In the present study, we have explored dual insertion of cyan and yellow
variants (CFP and YFP, respectively) of green fluorescent protein at various
positions in the GluA2 AMPAR subunit to enable measurements of intra-
receptor conformational changes using Fo¨rster Resonance Energy Transfer
(FRET) in live cells. We identify dual CFP/YFP-tagged GluA2 subunit con-
structs that retain function and display intrareceptor FRET. This includes a
construct (GluA2-6Y-10C) containing YFP in the intracellular loop between
the M1 and M2 membrane-embedded segments and CFP inserted in the C-ter-
minal domain (CTD). GluA2-6Y-10C displays FRET with an efficiency of
0.11 while retaining wild-type receptor expression and kinetic properties.
We have used GluA2-6Y-10C to study conformational changes in homomeric
GluA2 receptors during receptor activation. Our results show that the FRET
efficiency is dependent on functional state of GluA2-6Y-10C and hereby indi-
cates that the intracellular CTD undergoes conformational changes during re-
ceptor signaling.
